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ABSTRACT
Treiman, Evelyn F ., M.S. June 1982 Environmental Studies
Evaluation of Fluoride in Vegetation and Mammals in the Garrison, 
Montana Area
Director: David E. Bilderback
Renewed interest in the Rocky Mountain Phosphates, Inc. (RMP) 
facility in Garrison, Montana, and a scheduled tax sale in 1980, 
indicated that the plant might be reopened. From 1963 to 1976 
RMP's gaseous and particulate fluoride emissions severely impacted 
the area.
Previous Garrison studies found visible damage to the conifers 
and very high concentrations of fluoride in the grasses, conifers 
and rodents.
With the possibility of renewed fluoride pollution the present 
levels of fluoride in the Garrison vegetation and mammals needed 
to be determined. No baseline levels of fluoride had ever been 
established. Information on the present levels of fluoride in the 
ecosystem will provide a reference for future studies.
Limed filter papers were used to measure the ambient air
concentrations of fluorides.
Samples of forage, grass and ponderosa pine and Douglas fir
needles were collected in the Garrison area. All samples were
processed according to standard Environmental Studies Laboratory 
procedures. The fluoride specific ion electrode was used to 
measure the fluoride ion activity.
The concentrations of fluoride in the Garrison ambient air, 
forage/grasses, conifer needles, and rodent femurs were compared 
to levels reported in earlier Garrison studies and in eastern and 
western Montana control studies.
Baseline concentrations of fluoride were found in the ambient
air, forage/grasses, and rodent femurs.
Ponderosa pine needle fluoride concentrations were higher than 
the eastern Montana control levels. Douglas fir and ponderosa 
pine needle fluoride levels were similar to or higher than control 
values from western Montana.
Translocation of fluoride from the the older needles appeared to 
be the fluoride source for the terminal buds.
The Garrison area has recovered from the fluoride pollution, but 
the potential still exists for high levels of fluoride to 
accumulate again in the vegetation and animals, should RMP be 
reopened.
ii
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Chapter 1 
INTRODUCTION
Many field studies have examined the effects of industrial 
fluoride emissions on the surrounding area. In most cases, agricultural 
crops, timber and cattle have been examined for symptoms of fluoride 
damage. The effects of fluoride pollution on wildlife, not of the same 
economic value, have also been examined (Newman, 1979; Newman and 
Murphy, 1979; Zackheim, 1979) but not in as much detail or depth. The 
majority of these studies have been done near aluminum reduction 
facilities (Harris, 1974; Krook and May1in, 1979; Murray, 1981) and 
elemental phosphorus plants (Carlson, 1973; Thompson et al., 1979; 
Zackheim, 1979), but other sources of fluoride exist. The processing of 
phosphate rock for fertilizers and animal feed supplements also produces 
gaseous and particulate fluorides.
A  number of technologies can be used to control fluoride 
emissions. In the aluminum industry, the fluoride off-gasses from the 
reduction pots are reacted with cryolite flux to provide the fluoride 
necessary for the process. Liquid scrubbers are the most effective 
method of removing fluorides from the stack gasses in most other plant 
types. A water spray removes the fluoride from the gasses, and the 
water is treated with lime to precipitate the fluoride. This wet 
scrubbing process can be quite efficient, with more than 99 percent of 
the fluoride removed (HEW,1967a).
1
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Wet scrubbers are commonly used for pollution control at 
phosphate rock defluorination facilities. A  number of wet scrubbers 
were used at this type of fluoride source in Garrison, Montana. The 
Garrison plant operated from 1963 to 1976. During that time, Montana 
state authorities shut the operation down many times and Garrison 
ranchers successfully sued the plant's owners for fluoride damages. The 
early scrubbers at Garrison appear to have rarely functioned properly 
because very high fluoride concentrations were always found in the local 
plants and animals, including cattle. Federal action, in the form of an 
Air Pollution Abatement Conference, and new state air pollution control 
laws in 1967 were needed to improve the situation in Garrison. Even 
after a "99.9 percent efficient" water scrubber was installed in 1968, 
high concentrations of fluoride were still found. Perhaps the new 
Garrison scrubber never operated properly.
Why re-examine the Garrison area? The phosphate plant has been 
closed for over six years, and Garrison remains a ranching area. Dead 
tree tops and the rusting remains of the Rocky Mountain Phosphates, Inc. 
(RMP) facility are the only visible reminders of the fluoride pollution. 
In 1980, it appeared that a reopening the plant was quite possible. 
Because the area had not been studied before the plant opened in 1963 
and had not been examined since 1972, three and a half years before the 
plant closed, the baseline and present levels of fluoride in the plants 
and animals were not known.
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The recovery of an area from fluoride pollution has not been 
studied, except for one area in Newfoundland, Canada (Sidhu, 1976; 
Thompson et al., 1979). These authors found that the vegetation resumed 
normal growth during a summer-long plant shut down, except where the 
meristematic tissues had been destroyed. The concentrations of fluoride 
in the current-year foliage were 2 to 45 times lower than the 
concentrations in the previous year's foliage (Sidhu, 1976), This 
short-term response was indicative of a long-term recovery potential 
when fluoride pollution ceases.
This study was undertaken to measure and establish 1980/1981 
levels of fluoride in the grasses, conifers and rodents in the vicinity 
of Garrison, Montana. The primary objectives of the study included:
1. Measuring the level of fluoride in the ambient air.
2. Sampling and analyzing grasses, conifer needles and femur
bones from rodents for fluoride content.
3. Comparing, statistically, the data collected with 
information from other studies to gauge the relative 
recovery of the area.
4. Determining the baseline concentrations of fluoride in the
Garrison area for the plant and animal materials, where 
possible.
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Chapter 2 
LITERATURE REVIEW
Introduction
Trace amounts of fluoride occur naturally in plants and soils 
(NAS, 1971). The tissues of animals may also contain low concentrations 
of fluoride that are accumulated when animals eat vegetation containing 
fluoride (NAS, 1974). Around many industrial facilities, visible 
injuries to both plants and animals have been correlated to high 
concentrations of fluoride.
Many laboratory and field studies concerned with the effects of 
fluoride on agricultural crops, forests, cattle and wildlife have been 
published (NAS, 1971, 1974; Weinstein, 1977; Rose and Marier, 1977; 
Newman, 1979; Shupe et al., 1979; Zackheim, 1979; Amundson and 
Weinstein, 1980). Since these reviews are more than adequate, a brief 
summary and the results from more recent studies will be presented.
Sources of Fluoride Pollution
The major sources of fluoride pollution in our industrial 
society are steel manufacturing, aluminum smelting, coal combustion, 
brick and tile production and phosphate rock processing. The latter 
category includes the production of elemental phosphorus, phosphate 
fertilizers and phosphate animals feed. Such industrial sources in the 
United States were estimated in 1970 to emit over 150,000 tons of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
fluoride per year as gaseous hydrogen fluoride (HF) and particulate 
fluoride (EPA, 1972).
Passive Fluoride Monitoring
A  variety of methods can be used to measure the concentrations 
of ambient air fluorides. The simplest method is to impregnate filter 
papers with calcium oxide (CaO), sodium formate (NaCOOH) or calcium 
formate (Ca(C0 0 H) 2 ) and to expose them in plastic petri dishes for week- 
to month-long periods. HF reacts with the Ca or Na compound to form 
CaF2 or NaF. Similar fluoride concentrations have been obtained with 
the different absorbers (Sidhu, 1979). The amount of gaseous fluoride 
measured this way was well correlated with measurements of total gaseous 
fluoride (Israel, 1974a). Vegetation fluoride concentrations were also 
correlated with ambient air fluorides measured in this manner (Israel, 
1974b, 1977; Hallez et al., 1979; Sakai et al., 1981). Sidhu (1979) 
concluded that these passive, low-cost methods can yield consistently 
reliable results for field monitoring of gaseous fluorides.
Plants
Plants absorb fluoride from either the soil or the air. Root 
uptake in basic soils is negligible because lime (CaCO^) and calcium 
ions (Ca"^^) will bind with the fluoride (F” or F ) as CaF2 * Fluoride can 
also replace the hydroxyl ions (OH") in the crystal lattice of certain 
clay minerals (Hansen et al., 1958). On the other hand, plants growing 
in acidic soils have been found to contain high concentrations of 
fluoride, even in the absence of an industrial fluoride source, because 
the fluoride ions in the soil were readily available to the plants
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(Weinstein, 1977). However, it is generally agreed that less than 10 
parts per million (ppm) fluoride is characteristic of foliage from 
plants growing in unpolluted areas.
Gaseous hydrogen fluoride (HF) enters the leaves through the
stomates, dissolves in the plant fluids and is transported to the tips
of conifer needles and monocotyledon leaves and to the tips and margins 
of dicotyledon leaves (Tourangeau et al., 1977). Once in the leaf
tissues, fluoride is thought to be immobilized and therefore, not 
translocated to other leaves or other parts of the plant (NAS, 1971).
Some fluorides also enter leaves through the cuticle and
epidermis when a dew or light rain dissolves soluble particulates on 
leaf surfaces (Hindawi, 1970). In xerophytic vegetation, Ares et al. 
(1980) found that fluoride was adsorbed on the leaf surfaces and 
diffused slowly into the inner tissues. The relative humidity also 
affected the absorption of soluble particulate fluorides. In firs, an 
increase in the humidity from 60% to 80% resulted in a 3 to 4 fold 
increase in foliar fluoride accumulation (Garrec and Passera, 1980). 
Similarly, Garrec and Plebin (1981) found a highly significant positive 
relationship between the fluoride content of fir needles, tonnage of 
fluoride emissions and millimeters of precipitation.
Excessive fluorides in plants adversely affect metabolic 
processes (Weinstein, 1977). Photosynthesis, growth and reproduction 
are all inhibited. Because the leaves and needles absorb fluoride from 
the air, the first visible signs of fluoride poisoning are chlorotic or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
necrotic parts of leaves. This tissue death reduces the photosynthetic 
capacity of the leaf and the plant. In turn, plant growth is suppressed 
and reproductive success can be reduced (Amundson and Weinstein, 1980).
Because plants vary in their sensitivity to fluoride and their 
relative exposure to the pollutant depends on topography and habitat, 
changes in plant community composition and structure near fluoride 
sources are quite common (Murray, 1981; Pandey, 1981). Conifers are 
quite sensitive to fluoride, but deciduous trees are more tolerant. In 
the Ohio River Valley, McClenahen (1978) measured the composition and 
structural changes in a deciduous forest and reported that fluoride and 
other pollutant stresses resulted in decreased species diversity and a 
simplification of the community structure.
Foliar fluoride concentrations provide a measure of the ambient 
air fluoride levels in an area. Grasses and deciduous tree leaves are 
good indicators of monthly and growing season concentrations of ambient 
air fluorides. Conifers, because the needles are retained for more than 
one year, provide fluoride data for longer time periods. The needles 
can be separated by age and analyzed, thereby measuring the cumulative 
amounts of fluoride in the needles.
Animals
Increases in foliar fluoride concentrations from air pollution 
lead to increased fluoride burdens in domestic animals and wildlife. 
Particulate fluorides on plant surfaces are also ingested. Fluoride 
concentrates in bony tissues and can cause bone and teeth lesions.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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thickening of long bones, lameness and extensive histological changes 
(NAS, 1974). In fluorosis or fluoride poisoning F replaces OH in the 
bones, changing bone apatite to fluoroapatite. Chemical analysis of 
bone tissues, usually femurs, reflects the total fluoride intake of an 
animal (NAS, 1971). Mammals from unpolluted areas usually average less 
than 500 ppm fluoride in their bones (Kay et al., 1975), while the same 
mammal bones may average over 10,000 ppm in polluted areas.
The majority of animal studies dealt with cattle in both 
controlled and field situations (NAS, 1974; Rose and Marier, 1977; 
Krook and May1in, 1979). Wildlife, particularly deer (Ococoileus spp.), 
exhibited fluorosis symptoms similar to those in cattle and other 
domestic animals (Newman and Murphy, 1979; Shupe et al., 1979). 
Because of seasonal environmental stresses, wild animals appeared to be 
more susceptible than domestic animals to fluoride injury. Newman 
(1979) summarized the effects of air pollution on various deer species 
and other wild animals. Fluoride emissions from elemental phosphorus 
plants in Newfoundland, Canada, and Montana caused severe bone and tooth 
damage in snowshoe hares (Lepus americanus Erxleben) and whitetailed 
jackrabbits (Lepus townsendii Bachman) (Zackheim, 1979).
Although all mammals in fluoride-contaminated ecosystems may 
accumulate high levels of fluoride in their bones, deer mice (Peromvscus 
maniculatus [Wagner]) have many characteristics that make them good 
indicators of fluoride pollution. They have short lifespans and high 
metabolic rates and so manifest changes rapidly when fluorides impact an 
area (Gordon et al., 1977). Their home ranges are usually less than
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
three acres (King, 1968), so localized impacts are easily examined. 
Deer mice femur fluoride concentrations can be correlated with 
vegetation fluoride levels and distance from the source (Kay, 1971). 
Because deer mice are common throughout the United States, it is not 
difficult to compare fluoride levels from polluted and unpolluted areas 
within a region.
Research has indicated that fluoride concentrates in the food 
chain. If the fluoride levels in plant and animals species from the 
same location were compared, there might be increases in fluoride 
concentration of several orders of magnitude. Cattle near Silver Bow, 
Montana, that ingested forage with 10 to 40 ppm fluoride were found to 
have bone fluoride levels of 2,000 to 4,500 ppm (Miles et al., 1978). 
Krook and Maylin (1979) found a similar accumulation, 1,195 ppm 
fluoride, in a cow that had consumed forage with 10 to 15 ppm fluoride. 
Wild herbivores also exhibited biological magnification of fluorides. 
Zackheim (1979) found snowshoe hares from Newfoundland with 2,000 to 
13,000 ppm fluoride in their bones, 10 to 60+ times the average forage 
fluoride concentrations.
Predators appeared to accumulate more fluoride than herbivores, 
Gordon and Tourangeau (1974) reported higher fluoride concentrations in 
predatory damsel flies (Agris spp.) than in other types of insects. For 
the different insect feeding behaviors, they found increasing fluoride 
concentrations as the trophic level increased: Cambium feeders <
foliage feeders < predators. Pollinators had higher fluoride 
concentrations than predators. This might be particularly important
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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because excessive fluorides are toxic to honey bees (Apis spp.) and 
other pollinators, which have considerable economic and agricultural 
value.
Kay et al. (1975) described a general tendency for predatory 
mammals to have higher femur fluoride concentrations than herbivorous 
mammals. Differing collection locations precluded any direct 
comparisons between predators and herbivores.
Andrews et al. (1982) studied the transfer of fluoride through 
the food chain on a reclaimed fluorspar tailings pond. Carnivorous 
common shrews (Sorex aranus L.) had significantly (p < 0-05) more 
fluoride in their femurs than did short-tailed field voles (Microtus 
agrestis L.). This higher fluoride concentration reflected the shrews* 
macroinvertebrate diet. The fluoride levels in M. agrestis were higher 
than those in the vegetation they usually consumed.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chapter 3 
THE STUDY AREA
Garrison. Montana
Physical characteristics. Garrison, Montana, is located in Powell 
County at the northern end of the Deer Lodge Valley. The Little
Blackfoot River joins the Clark Fork of the Columbia River 0.7 miles
south of the town (Figure 1). Ten miles south is Deer Lodge, and Helena 
is 45 miles to the east. Several major highways and rail lines branch
at Garrison. The town and the RMP site are situated at 4300 feet on the
valley floor. Ridges as high as 4800 feet parallel the rivers, and 
nearby mountain ranges rise over 5000 feet above the valley. The area 
is agricultural, mostly cattle ranching, horse breeding, and haying.
It is estimated that 12 inches of precipitation fall annually in
the Garrison area, mainly as rain during the April-to-September growing
season. June is the wettest month. The winters are relatively dry with 
snow falling from November through March. The mountain snows provide 
irrigation water in the summer. The last and earliest 24° F frosts 
occur about the beginning of May and the end of September; the growing
season for frost resistant crops averages 150 days.
Frequent inversions in the Deer Lodge Valley trap air pollutants 
in the low-lying areas, intensifying their effects on the ecosystem.
11
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The total annual inversion time for the region has been estimated at 40% 
(HEW, 1967a). Meteorological studies at Anaconda in the southern end of 
the Deer Lodge Valley recorded inversions 66% of the time (MDHES, 1980), 
thus 40% is probably low for Garrison.
During stable atmospheric conditions a plume from a stack would 
spread horizontally. The ridges around Garrison limited this horizontal 
dispersion, so the inversions and cold air drainage channelled RMP's 
emissions up and down the Clark Fork River Valley and up the Little 
Blackfoot drainage. The fluoride pollution, confined by the ridges, 
followed gullies up and down slopes and topped ridges at low places. 
Because of the terrain, high concentrations of fluoride were found at 
greater distances from the plant than would be expected if the 
surrounding area had been flat.
The wind pattern in the Garrison area was studied as part of the 
HEW (1967a) investigation. During June 1967 the winds in Garrison 
averaged 3.8 miles per hour (mph). The wind data from Deer Lodge was 
not applicable to Garrison because of the north-south orientation of the 
Deer Lodge Valley. Wind speed information from Drummond, 20 miles to 
the west-northwest, was used to estimate the general conditions in 
Garrison. In Drummond, there was a seasonal variation in the wind 
speed. The wind speeds were lowest from October to December, averaging 
6 mph, and highest from January to July, averaging 8 mph. The entire 
area. Deer Lodge to Drummond, is subject to mostly very light winds. 
The light winds, topography and inversions inhibited the dispersion of 
RMP'6 fluoride emissions.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The direction of wind flow determined the distribution of the
pollutant. In turn, topography greatly influenced wind direction. The
wind direction pattern in Drummond was most similar to that at Garrison 
(Figure 2). There were no major seasonal differences, but Garrison 
experienced easterly downslope drainage winds at night from the
Continental Divide and the Little Blackfoot River Valley. Researchers 
also found an evening eddy condition at Garrison, while the drainage
flow was being established (HEW, 1967a). For a period of an hour or
two, the wind vane would rotate slowly, 360° or more, clockwise or 
counterclockwise, until finally settling down to a southeasterly 
direction. These eddies, calm periods, and light winds can cause high 
ambient concentrations near and around a pollutant source, with
attendant high exposures to nearby vegetation.
History. Rocky Mountain Phosphates, Inc. (RMP) operated the phosphate 
rock defluorination plant in Garrison, Montana, from August 1963 to 
mid-January 1976. Before moving to Garrison, RMP was located in Butte 
for four years. Repeated litigation, court-ordered closures and public 
complaints forced its move. State of Montana authorities began
receiving complaints about the emissions from the plant almost
immediately after RMP opened in Garrison. Within the first six months 
of operation, gas and smoke interrupted the Garrison school 35 times and 
etched glass, livestock started to show signs of fluorosis and the local 
ranchers filed lawsuits against RMP.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2. June 1967 wind roses for Garrison and Drummond, 
Montana. (from HEW, 1967a),
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Over the next three years, the State Board of Health closed RMP 
many times. Process and air pollution control systems were changed, and 
the ranchers finally won a $123,000 settlement against RMP, but the 
plant continued to operate.
Two major events in 1967 resulted in a lessening of the fluoride 
problem in Garrison - Governor Tim Babcock signed the Montana Air 
Pollution Control Act and he concurred with a Powell County Board of 
Commissioners resolution requesting Federal Abatement Action in Powell 
County. The United States Department of Health, Education and Welfare 
(HEW), under the provisions of section 105 of the Clear Air Act (42 
U.S.C. 1857 et seq.), conducted the first intensive study of the 
fluoride pollution around Garrison and prepared a report (HEW, 1967a) 
that described the phosphate defluorination process and resulting 
emissions from the Rocky Mountain Phosphates, Inc. plant for the Air 
Pollution Abatement Conference in Powell County. The overall 
environment of the area was discussed with regards to topography, 
temperature, precipitation, atmospheric stability, and wind speed and 
direction. Finally, the distributions of fluoride in the grasses, 
coniferous trees, water and soil were investigated, but only the grass 
data was mapped (Figure 3). Extremely high levels of fluoride in the 
grasses, 100 to 12,600 ppm, were found within three miles of RMP.
The Air Pollution Abatement Conference was held in August of 
1967. The conference participants found that the health and welfare of 
the Garrison residents was endangered, RMP was the sole source of 
fluoride emissions in the area, RMP had not adequately controlled their
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3. Fluoride concentration (ppm) for grass specimens 
collected in Garrison area on April 15, 16, and 
17, 1967. (from HEW, 1967a).
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emissions and that the emissions could be controlled. The participants 
felt that the Garrison problem was so serious that if it had been within 
their power "the operation of Rocky Mountain Phosphates, Inc. would be 
shut down immediately and remain closed until air pollution measures, 
operation and maintenance practices have been demonstrated to be 
adequate" (HEW, 1967b). A number of recommendations were also made. 
Once those recommendations were approved by J. W. Gardner, then 
Secretary of HEW, RMP had six months to act on the recommendations.
RMP soon closed voluntarily and agreed to stay closed until the 
state was satisfied that sufficient measures had been taken to prevent 
pollution (Holloran, 1967). A  permanent control system with 99.9% 
fluoride removal efficiency was to be in operation by May 31, 1968.
During 1968, the State Board of Health closed RMP for over eight 
months because a temporary scrubber failed to remove enough fluoride to 
meet the ambient air and forage fluoride standards. The Board of Health 
"quickly, emphatically and unanimously denied" requests by RMP to reopen 
because the Board wished to see a permanent solution to the Garrison 
situation (Holloran, 1968a). RMP resumed operation in November 1968 
after its new scrubber system was installed and after the State Supreme 
Court ordered the Board of Health "to give the Rocky Mountain Phosphates 
plant another chance to prove it can operate in Garrison without 
creating an air pollution problem" (Holloran, 1968b). The area ranchers 
had sought a permanent injunction against RMP, but the State Supreme 
Court "enjoined it only from emitting fluoride in excessive quantities" 
(Missoulian, 1969).
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Researchers from the University of Montana examined the area 
throughout the late 1960's and early 1970's (Gordon, 1967a, 1967b, 1968, 
1970; Kay, 1971, 1973; Kay et al., 1972). These studies described the 
fluoride damage to conifers and wildlife and determined the distribution 
of fluoride in the Garrison area.
Gordon (1967a) determined histologically that hydrogen fluoride 
(HF) from RMP was the causal agent of conifer damage in the Garrison 
area. The damaged needles exhibited occluded resin canals, phloem 
collapse and transfusion tissues with excessively enlarged cells. 
Gordon also determined visually that the geographic extent of damage to 
ponderosa pine trees (Pinus ponderosa Laws) had expanded from the 
previous year.
The impact of fluoride on the local wildlife was also examined. 
Gordon (1967b) concluded that the fluoride contamination had a 
substantial effect, but the impact depended on diet, living habits and 
physiology of the animal. The effects of high fluoride intake on the 
indigenous species were comparable to verified cases of fluorosis in the 
area's cattle.
Gordon continued his work at Garrison during 1968 and 1969. 
Visible damage to the ponderosa pines continued in 1968, and the damaged 
area was expanded (Gordon, 1968) (Figure 4). In 1970, Gordon summarized 
his investigations from 1966 to 1969 in the area and discussed the 1969 
collections. The 1969 plant collections indicated that, in spite of the 
recently installed scrubber system, RMP was still exceeding the legal
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4, Boundaries of damage to conifers. Garrison, 
Montana, 1966-1968. (from Gordon, 1970).
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limit of fluoride in forage.
Kay (1973) summarized the field studies of plants and animals 
that were done in 1971 (Kay, 1971) and 1972 (Kay et al., 1972). The 
increased area included in the fluoride isopol lines reflected the 
increased fluoride pollution from 1971 to 1972 that these studies found 
(Figures 5 and 6). A comparison of the isopol maps from the Kay (1971) 
study (Figure 6) and the HEW (1967a) work (Figure 3) revealed a 
substantial decrease, 10,000 to 100 ppm, in the highest isopol line. 
Kay (1973) concluded that RHP's pollution abatement equipment was not 
adequate to meet the state forage standard of 35 ppm fluoride. Kay
(1973) also found decreasing concentrations of fluoride in both forage 
and deer mice femurs with increasing distance from RHP. Forage fluoride 
levels were significantly (p < 0.001) correlated with the fluoride in 
the deer mice femurs.
Compared to its first years in Garrison, the remaining history 
of RHP was tame. The plant was briefly closed in early 1970 for 
violating the state's fluoride in forage standard, but operations 
resumed shortly thereafter (Ditzler, 1978). Evaporation from the 
settling ponds was blamed for the high levels of fluoride (Great Falls 
Tribune, 1970). Reported bankruptcy and difficulties with the Internal 
Revenue Service (1RS) finally closed RHP in January 1976 (Hissoulian, 
1976b).
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Interest in the RMP facility and the fluoride contamination at 
Garrison were minimal until 1980. Early that year the Powell County 
commissioners scheduled the phosphate plant to be sold at auction for 
back taxes. Unnamed out-of—state companies had expressed an interest in 
buying and reopening the plant (Cole, 1980b). The tax sale was
cancelled the day it was to occur when a Butte lawyer, John Alexander,
paid the delinquent taxes. Local opposition to reopening the plant was
quite strong; zoning was even considered as a way of preventing the 
plant's operation (Cole, 1980a).
In 1980, Wear and Lonn measured the forage fluoride levels and
concluded that fluoride concentrations in forage had decreased to
baseline levels. They also determined that a mixed grass or forage 
collection did not differ from a single species collection.
Over the next year and a half, little progress was made towards 
reopening RMP. Alexander acquired the tax deed to the property in
October 1980. The 1RS considered confiscating and reselling the plant 
for unpaid federal taxes, but ultimately decided not to do so in January 
1981. A year after the 1RS decision, a Butte bank that had tried to
foreclose on the plant in 1976 was negotiating transfer of the deed from 
Alexander. This action cancelled plans by an out-of-state investor to
reopen RMP, but the bank's plans for the property are still not clear
(Kradolfer, 1982).
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Reactivation of RMP would first require an application to the 
Air Quality Bureau of the Department of Health and Environmental 
Sciences for an air pollution permit. This has not been done. The 
future of Garrison and the remnants of RMP's phosphate defluorination 
plant there is not known.
Process description. Rocky Mountain Phosphates, Inc. processed 
phosphate rock into a defluorinated animal feed supplement. The process 
resulted in HF emissions (NAS, 1971), but the Garrison plant also 
emitted sulfur dioxide, acid mist and particulate fluoride (HEW, 1967a).
RMP used two different defluorination processes. Ground 
phosphate rock was mixed with phosphoric acid and sulfuric acid in the 
original acid process. This mixing released the sulfur oxides, acid 
mists and gaseous fluorides. In 1965, an alkali process was instituted. 
Soda ash, instead of sulfuric acid, was added to the ground rock and 
phosphoric acid. Little or no emissions resulted from the mixing of 
this "acid rock".
The acid rock was stored, crushed as needed, and fed into 
gas-fired rotary kilns (Figure 7). Temperatures in the kilns ranged 
from 650° F (343.3° C) at the charging end to 1800° F (982.2° C) at the 
hot end. These high temperatures were necessary for the fluoride to be 
driven off. A water spray cooled the rock as it left the hot end of the 
kiln. The defluorinated animal feed was then sorted, ground and stored.
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In the kilns, the following reaction occurred:
(CaF)Ca^(P0^)3 + + SHgO ===> 5CaH^(PO^>2-H20 + HF
and is thought to be responsible for the generation of gaseous hydrogen 
fluoride. The gasses from the kiln were directed through a wet scrubber 
and into the stack. HF was released from three places at RMP. The
fluoride content of the stack emissions and leaks in and around the base
of the stack depended on the effectiveness of the scrubber. The worst 
source of gaseous fluoride emissions was at the charging end of the kiln
where the gasses were collected. Particulate fluoride emissions
resulted from the crushing of the phosphate rock and from the handling 
and bagging of the product material. The dust generally settled near 
the plant.
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Chapter 4 
MATERIALS AMD METHODS
Site Selection
Sampling was done in areas that had been most heavily impacted 
by fluoride pollution. These areas were where Kay (1971) and Kay et al.
(1972) had reported the highest fluoride concentrations in vegetation. 
If high fluoride levels still exist around Garrison, they would be found 
in those areas that were most severely contaminated.
Past and present evidence of haying or grazing was a major 
determinant in the selection of forage/grass plots. The sites were 
chosen to conform with the proposed state "fluoride in forage standard" 
sampling methods.
Conifer collection sites were on the ridges to the south and 
southwest of the Little Blackfoot and Clark Fork Rivers (Figure 8). 
These sites were within Kay’s higher fluoride isopols and were selected 
on the basis of past exposure to fluoride as evidenced by the presence 
of dead tree crowns, accessibility and possible use in future studies.
Snap traps were set in areas where there was some sort of human 
disturbance, since deer mice prefer open and disturbed habitats (Figure 
9).
28
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Forage/grass and conifer collection sites, 
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Scale: 2" = 1 mile.
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Figure 9
Rodent trapping sites.
Scale: 2” = 1 mile.
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Field Collections
Calcium formate plates. Calcium formate plates were prepared according 
to State of Montana procedures (MDHES, 1976), except that 4.25 cm filter 
papers, rather than 11 cm, were used. Two plates, at each end of an 8 
foot long ”2X4" (Figure 10) were wired into two trees at each tree site. 
The plates were located at tree sampling height (about 24 feet) and at 
the canopy edge (Figure 11). The plates were exposed for approximately 
four months in order to accumulate detectable levels of fluoride.
Forage/grass. Two sampling plots were established in October 1980, one 
0.8 miles east and the other 1.2 miles west of the RMP site (Figure 8). 
Sixty samples of forage and a single grass species were collected every 
ten feet on a 60 feet by 100 feet grid at both locations. Forage was 
defined as all palatable vegetation within a 10 cm square that was 
placed on the ground at the right foot of the sample collector. The 
single grass species, Agropyron repens (L.) Beauv., was gathered from 
within an arms reach of the forage sample. Each sample was placed in a 
paper bag, labeled (as to site, date, grid location, and forage or Ag.) 
and returned to the Environmental Studies Laboratory (EVST Lab.) at the 
University of Montana.
Analysis of the fluoride data from the fall collections 
indicated that a forage collection was representative of the fluoride 
content of a one-species sample (Wear and Lonn, 1980). Therefore, when 
the two sites were resampled in July 1981, only a forage collection was 
made. This sampling was done to determine the forage fluoride content
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Figure 10
Schematic of calcium formate plate holder.
Figure 11
Placement of formate plate holder in tree.
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during the growing season.
Conifers. Six conifer sites were selected, three with Douglas fir 
(Pseudotsuga menziesii [Mirb] Franco) and three with ponderosa pine 
(Pinus ponderosa Laws). The trees at these six sites were sampled 
twice. Douglas firs were later collected at each of the ponderosa pine 
sites (Figure 8).
At each site, five trees of each species were sampled and 
permanently tagged. Four branches from each tree were clipped from the 
tree crown at about 24 feet with pole pruners. The branches were placed 
in large plastic bags for transportation to the EVST Lab.
Mice/rodents. Snap traps, baited with bacon grease-soaked string, were 
set at seven sites (Figure 9). They were spaced five paces along fence 
lines and around hay stacks or set randomly in fields. Traps were set 
in the evening and checked the following morning. Trapped animals were 
identified to species, sexed, placed in clean plastic bags and frozen on 
dry ice until transported to Missoula.
Traps were set out from April 21 to April 28, 1981. After four 
nights, traps were removed from those sites where nothing had been 
caught. Two new sites were then established. A  sample of fifteen to 
twenty mice was needed for this study. This number was based on sample 
size calculations from Colstrip, Montana mice data (Gordon et al., 
1978a).
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Laboratory Procedures
Calcium formate plates. The filter papers were pried out of the plastic 
petri dishes and placed in plastic beakers containing 100 ml of 50% 
TISAB^. The beakers were covered and agitated at intervals for 4 to 5 
hours. The liquid was then decanted and saved for analysis.
Forage/grass. Forage/grass samples were dried in forced air draft 
dryers at 40° C for at least 72 hours. Each sample was ground in a 
Wiley mill to pass a 20 mesh screen. Forage samples were ground into a 
beaker, stirred to insure uniformity and a portion saved in a 13 dram 
snap-top vial.
Conifers. Each tree branch was separated at the internodes into 
different years. All of the needles for each year on each tree were 
pooled into samples. The samples were then dried, ground and stored in 
labeled vials. Four to five years of ponderosa pine needles and five to 
nine years on Douglas fir needles were prepared for analysis.
Vegetation preparation. A 0.5 gram aliquot of vegetation sample and 
0.05 grams of low fluorine calcium oxide CCaO) were slurried with 
distilled water in a nickel crucible. The sample was charred under 
infra-red lights, covered, and then ashed at 600° C overnight in a 
muffle furnace.
1TISAB - Total Ionic Strength Buffer, Orion Research, Inc., 11 
Blackstone Street, Cambridge, MA 02139.
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After cooling, the sample was moistened with distilled water, 
dissolved in 1—2 ml of 50% perchloric acid and increased to 100 ml with 
50% TISAB^ in a volumetric flask.
Bone preparation. In the lab, body lengths and weights were measured 
before the femurs were removed. The femurs, once removed, were boiled 
in an ALCONOX^ solution for one hour. All remaining flesh was removed, 
the bones rinsed and then dried overnight in a forced air dryer at 
approximately 40° C.
The bones were defatted by boiling them in four changes of 
petroleum ether. They were dried again and stored in plastic vials. 
Only large femurs were ground.
One femur from each animal was used for fluoride analysis. The 
bone sample was weighed, placed in a nickel crucible, covered and ashed 
overnight at 600° C in a muffle furnace. After cooling, the bone 
material was dissolved in 1-2 ml of 50% hydrochloric acid. Each sample 
was diluted up to 100 ml with 50% TISAB^ in a volumetric flask.
Fluoride Analysis
Fluoride content was measured with an Orion fluoride specific 
ion electrode (Singer and Armstrong, 1968). The electrode was 
calibrated daily with a set of standard fluoride solutions. Fluoride
2 ALCONOX — biodegradable detergent for cleaning laboratory 
glassware from Alconox, Inc., New York, NY 10003.
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ion activity was measured in millivolts. If very low fluoride levels 
were found, samples were "spiked" with 2 ml of 5 ppm fluoride solution 
to bring the millivolt reading within the range of the calibration 
curve. Standards were analyzed with each sample run. A computer 
program converted the millivolt readings to ppm fluoride, dry weight for 
vegetation, ppm fluoride, fat-free dry weight for bones and yg/ml 
fluoride for the calcium formate plates. The following formula was used 
to calculate the fluoride accumulated on a plate for a one month 
interval:
yg F/cm^/30 days = (((Fg-B) x V) x 30/E) / F
where Fg = yg F/ml from the standard curve 
B = blank (0.1127 yg/ml)
V = ml of sample (102 ml)
E = exposure time in days (146 days)
F — area of filter paper in cm^ (14.19 cm^)
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Chapter 5 
RESULTS AND DISCUSSION
Ambient Air
Calcium formate plates accumulated an average of 0.025 
yg F/cm^/30 days (Appendix A). This is comparable to a combined 
1972/1973 sampling average of 0.027 yg F/cm^/30 days for the Colstrip 
area (MDNRC, 1974). During the eight years of state monitoring at
Garrison (1969-1976), the ambient air concentrations of fluoride ranged
2from minimums of 0.08 to 78.56 yg F/cm /30 days to maximums of 1.76 to 
133.90 yg F/cm^/30 days, depending, of course, on the location of the 
sampling site (HDHES, no date).
What is of interest is the overall trend in the fluoride 
emissions over the years 1969 to 1975. There was a decrease from 1969
to 1970, but the next four years showed sizeable increases in ambient 
fluoride concentrations. An increase in fluoride in vegetation and 
rodents from 1971 to 1972 was noted and discussed in Kay et al. (1972). 
From 1974 to 1975 there appeared to be a decrease, but the state
sampling during 1975 was very spotty (MDUES, no date) and therefore,
probably not representative of the actual concentrations. After RMP 
closed in January 1976, further declines in ambient fluorides were 
observed. By 1977, the levels had dropped to what could almost be
considered clean - 0.087 yg F/cm?/30 days.
40
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In conclusion, the air in the Garrison area now contains only 
baseline concentrations of fluoride. A baseline of approximately 
0.025 +. 0.003 pg F/cm^/30 days can be established.
Forage/Grass
A  total of six forage/grass collections were made in the 
Garrison area (Appendix B ) . The first four, taken after the growing 
season (October 1980), indicated very low levels of fluoride (ïc = 3.27 
ppm for forage and jc = 2.93 ppm for Agropvron repens). The second 
collection, taken during the peak growing season in July 1981, also 
showed very little fluoride (x = 4.45 ppm). The differences between 
individual collections are attributable to varying species composition 
of the forage samples and to variability during the growing season.
Carlson and Dewey (1971), Kay (1973) and others suggest that an 
average of less than 10 ppm fluoride in forage represents clean or 
unpolluted conditions. Kay et al. (1975) reported less than 5 ppm 
fluoride in western Montana grasses. That study included data from the 
control sites of Kay (1971), Gordon and Tourangeau (1974) and Harris
(1974), plus other data. The average ppm fluoride from each of the 
individual Garrison collections is less than 5 ppm. Further, Montana 
Board of Health sampling immediately before RMP began operations in 
Garrison found less than 10 ppm fluoride in the two grass samples (HEW, 
1967a). Based on these criteria, the levels of fluoride in the Garrison 
area forage and grasses can be considered as baseline.
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The fluoride data from the four fall collections was combined 
with data from the two summer collections for comparison purposes. This 
general forage collection was compared with other forage collections 
from Montana. As needed, weighted averages and standard deviations were 
calculated and sample standard deviations estimated from sample ranges. 
Ninety-five percent confidence intervals were calculated and plotted for 
all the data sets (Figure 12). Analysis of variance (ANOVA) tests were 
used to compare the Garrison samples with collections from Colstrip, 
Montana (Gordon et al., 1976) and western Montana (Kay et al., 1975). 
Another Colstrip collection (MDNRC, 1974) was compared using a t-test 
because the data was not suitable for the ANOVA test.
The two Colstrip studies and the 1975 Kay paper characterized 
fluoride levels in control situations, while the 1973 Kay study provided 
a temporal comparison for the current study. The fluoride data from Kay
(1973) was not included in the ANOVA or other analyses because the 95% 
confidence intervals indicated no similarity with the rest of the 
comparison data (Figure 12).
Analysis of variance on the Garrison, Kay et al. (1975) and 
Gordon et al. (1976) forage fluoride concentrations revealed significant 
(p < 0.0000) differences between the fluoride levels of the three 
collections. A Duncan's range test, a very conservative method of doing 
multiple comparisons between sample means, showed fluoride levels in 
each of the collections to be significantly (p = 0.01) different. The 
MDNRC (1974) fluoride concentrations were not different from Garrison 
fluoride levels, but they were significantly (p < 0.01) less than those
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reported by Kay et al. (1975) and were significantly (p < 0.001) higher 
than the values of Gordon et al. (1976).
Because the four comparison data sets all averaged less than 5 
ppm and the Garrison forage fluoride concentrations were not 
statistically different from the levels found at a control site (MDNRC,
1974), the hypothesis that baseline concentrations of fluoride currently 
exist in the Garrison area is supported.
The mean fluoride concentration for all the samples from the 
1980 and 1981 collections was 3.27 ppm. This value can be used to set a 
baseline forage value of 3.27 ±  0.17 ppm fluoride for the Garrison area.
Ponderosa Pine
Fluoride levels in the pine needles were compared on the basis 
of needle age (Appendix C). Levels in first year needles (1980) were 
compared to levels in first year needles from Colstrip (Rice et al., 
1981; MDNRC, 1974), Garrison (Kay, 1973) and western Montana (Kay et 
al., 1975). In all, five years of needles from five different samples 
were compared.
Fluoride concentrations from the ponderosa pine needles of Kay
(1973) were not included in the statistical analyses because the 95% 
confidence intervals for fluoride concentration exhibited a 
dissimilarity with the other studies (Figure 13). A definite drop in 
needle fluoride concentration has occurred since 1973, and, therefore, 
comparisons were done only with the fluoride levels from control sites. 
ANOVA was used to compare the Garrison needle fluoride levels with
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concentrations from western Montana (Kay et al., 1975). The MDNRC
(1974) study had to be compared with t-tests because of the nature of 
the data - weighted means and standard deviations. The Rice et al. 
(1981) fluoride data was used to calculate 93% confidence intervals 
only.3
Table 1 summarizes the statistical analyses of the Garrison 
needle fluoride data with that of Kay et al. (1975) and MDNRC (1974). 
The ANOVA tests, Kay et al. (1975), give the exact probability that the 
means are the same. The t— tests, MDNRC (1974), give approximate
TABLE 1
Probabilities that Garrison ponderosa pine needle fluoride 
concentrations are the same as the concentrations of MDNRC
(1974) and Kay et al. (1975) by age of needle.
Study
Statistical
Test Age of Needles (years)
2 3 4
0.001 0.001 0.001
0.003 0.530 0.551
MDNRC 
Kay et al
t-test, p < 
ANOVA, p =
1
0.001
0.017 0.0655
^No t-tests were done with this data because it had been 
normalized (log transformation) and the standard deviations were not 
back-transformed. To compute the 95% confidence intervals, the means 
were re-transformed and the intervals calculated. The resulting limits 
were back-transformed and then plotted.
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probabilities. Rice et al. (1981) reported fluoride levels for five
years of needles that were lower than MDNRC (1974), Kay et al. (1975),
and Garrison (Figure 13).
The present ponderosa pine needle fluoride levels were 
significantly (p < 0.001) higher for all four years than those of a
control (MDNRC, 1974). The needle fluoride levels from Garrison were
either higher than or not significantly different from the western 
Montana needles (Kay et al., 1975). The Kay et al. (1975) controls from 
western Montana were also significantly (p < 0.01) higher in fluoride 
than the MDNRC (1974) controls. Therefore, it is difficult to determine 
from these comparisons whether or not the fluoride levels in the 
Garrison pines are now at baseline levels. They were below or at 
baseline when compared with fluoride concentrations from unpolluted 
areas in western Montana but were not in comparison to the levels from 
eastern Montana.
Douglas Fir
Douglas firs retain their needles longer than ponderosa pines, 
so nine years of fir needles were separated and analyzed for fluoride 
(Appendix D ) . For the first five years (1980-1976) there was a trend of 
gradually increasing fluoride content (Figure 14). At that point a 
significant (p < 0.01, t-test) increase in fluoride occurred and the 
remaining years also showed elevated fluoride levels. The initial rise 
marked exactly the last year RMP operated, 1975. RMP apparently 
operated during 1975 at half its previous output level because of
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reduced demand for its product (Missoulian, 1976a). The lower average 
fluoride content of the 1975 needles reflected this reduced operation.
Comparisons were made only for the first four years of fir 
needles. Again, the 95% confidence intervals for the Kay (1973) samples 
indicated no similarities (Figure 15), so the only comparisons done were 
between fluoride levels in Garrison and western Montana (Kay et al.,
1975). Both t-tests and ANOVA were used. Table 2 summarizes the
TABLE 2
Probabilities that Garrison Douglas fir needle fluoride 
concentrations are the same as the concentrations of Kay 
et al. (1975) by age of needle.
Statistical
Test Age of Needles (years)
1 2 3 4
t-test, p < NS 0.05 0.01 0.01
ANOVA, p = 0.1456 0.0797 0.0351 0.1171
results. A  large within-sample variation in the Garrison fluoride data 
and a very small sample number from Kay et al. (1975) account for the 
low ANOVA significance for the four-year-old needles. This difference 
between the samples is still important because of the trend shown in 
Figure 14.
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Ninety-five percent confidence intervals for fluoride 
in Douglas fir needles by age of needle.
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As with the ponderosa pine needle data, it is difficult to say 
that the fluoride concentrations in the Garrison Douglas fir needles 
represent baseline conditions. In all comparison cases, the present 
fluoride levels were significantly lower than previous levels, but there 
was no clear separation or similarity with the available spatial 
control. There were trends of decreasing fluoride in the newer needles 
and increasing probability that the Garrison means were not different 
from the control means. If these trends continue, there should be no 
differences in the fluoride concentrations in needles from any year. 
For these reasons, it must be concluded that baseline fluoride levels in 
Garrison Douglas fir needles do not currently exist. The fluoride 
concentrations measured could represent baseline conditions for the 
area, but there is no way, at present, to determine this.
Terminal Buds
The terminal buds of ponderosa pines and Douglas firs from 
Garrison were also analyzed (Appendixes 0 and D ) . The bud tissues 
become the next year's needles. The fluoride concentration of the 
ponderosa pine buds averaged 5.47 ppm. This was significantly 
(p = 0.0000, ANOVA) higher than the fluoride content of the 1980 
needles. In the Douglas firs, the average bud fluoride concentration, 
4.54 ppm, was higher than the 1980 needles, but not significantly so 
(p = 0.3905, ANOVA). These needle tissues had not been exposed to 
fluoride in the air because the tissues were still covered by the bud 
scales, so the fluoride must have come from other sources.
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The difference between the Douglas fir and ponderosa pine 
terminal bud analyses is not surprising. The fir buds are quite small, 
so many more than the 4 pine buds are needed for analysis. Because of 
their small size and the number needed, there appeared to be a higher 
proportion of bud scales in the Douglas fir samples. This would have 
diluted the sample and resulted in a lower fluoride concentration than 
might be expected.
Hindawi (1970) staged than fluoride does not translocate from 
the leaf to other parts of the plant. Even when high fluoride 
concentrations exist in the leaf tissues, the root systems, flowers,
seeds and all other parts remain very low in fluoride content. This is
generally thought to be true (NAS, 1971; Weinstein, 1977).
However, evidence is accumulating that fluoride is translocated 
within trees. Keller (1974) found that the fluoride concentrations in 
deciduous tree leaves formed first in the spring were higher than those 
formed later in the year. He attributed the difference to a depletion 
of fluoride reserves within the trees.
In another study, Keller (1978) exposed dormant elm (Ulmus
scabra Miller) and black locust (Robina pseudoacacia L.) seedlings to
fluoride emissions during the winter season. The fumigated seedlings 
had two times the level of fluoride in their leaves than the control 
seedlings. Keller theorized that the fluoride entered through the 
lenticels, spongy areas in the bark of woody plants that serve as pores 
for gas exchange, and was subsequently transported to the expanding
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leaves and/or that the fluoride was absorbed directly into the leaf 
buds.
Gordon and Tourangeau (1974) reported evidence of fluoride 
translocation in conifers. Elevated concentrations of fluoride were 
found in pollen, terminal buds and stems of ponderosa pine and Douglas 
fir. They concluded that the pollen fluoride probably came from the 
leaf tissues because the pollen was not exposed to the ambient air 
during microsporogenesis or pollen formation. The authors further 
concluded that fluoride was translocated to the active stem tissues and 
to the terminal buds in both hardwoods and conifers. Gordon and 
Tourangeau stated this translocation may explain the abnormal and 
excessive stem growth reported by Treshow (1967) because fluorides can 
cause excessive enlargement of thin-walled cells in conifers.
It appears than fluoride in the Garrison pines and firs was 
translocated to the terminal buds and new needles from other parts of 
the trees. The needle fluoride levels do not reflect the baseline 
ambient air concentrations. Soils near fluoride sources do accumulate 
fluoride (Rao and Pal, 1978; Sidhu, 1979; Polomski et al., 1980), but 
the Garrison area soils are basic, pH of 7.5 to 8.5 (Dutton, 1982), and 
any fluoride should not be readily available to the conifers (Hansen et 
al., 1958).
As the older and higher fluoride content needles are cast, less 
fluoride should be available within the trees. If this is the case, 
then the fluoride concentrations in the new needles should be lower than
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in the previous year. Each year, since RMP closed, the mean Douglas fir 
needle fluoride concentrations have been lower CFigure 14) and the 
differences with the corresponding control values (Table 2) less and 
less. This trend is worth further investigation and should be examined. 
Once all the older fir needles, 1975-1972, have been cast, the fluoride 
concentration in each year's new needles should not be significantly 
different from the concentration in first year control needles.
Mice and Other Rodents
The fluoride content of the femur bones of 29 deer mice 
(Peromyscus maniculatus) from Garrison averaged 205.1 ppm (Appendix E ) . 
Kay et al. (1975) reported a mean of 143.8 ppm for western Montana. 
Kay (1973) earlier stated that less than 200 ppm fluoride in Peromyscus 
femurs demonstrated an unpolluted area. Gordon et al. (1978a, 1978b) 
gave a mean value of 316.4 ppm fluoride in deer mice femurs from the 
Colstrip area. This latter figure is probably more realistic than 
either of Kay's figures because of the larger sample size and year-round 
sampling.
The information from Colstrip shows a seasonal fluctuation in 
the fluoride content of deer mice femurs (Gordon et al., 1978a, 1978b). 
Low femur fluoride concentrations occur in October on the population 
level as a result of the recruitment of juveniles and young adults into 
the population (Figure 16). The spring peak reflects the presence of 
over—wintering adults. Bone fluoride content increases with age so the 
older mice have accumulated more fluoride than juveniles or sub-adults. 
Kay's 1975 values from October/November and January/March trappings
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Figure 16
Average fluoride in femurs of Peromyscus maniculatus in 
pristine area. (from Gordon et al., 1978a, 1978b).
AVERAGE FLUORIDE IN FEMURS 
Peromyscus maniculatus IN PRISTINE AREA
•400
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represent the low and rising portions of the curve.
The 95% confidence intervals for the fluoride content of deer 
mice femurs (Figure 17) showed that the Gordon (1967b) and Kay (1973) 
values were significantly (p < 0.001, t-test) higher than the fluoride 
values from Garrison, Colstrip (Gordon et al., 1978a, 1978b) and western 
Montana (Kay et al., 1975). T— tests were used to compare the Colstrip 
fluoride levels because the data was not usable in the analysis of 
variance test.
The level of fluoride in the Garrison Peromyscus femurs was 
significantly (p < 0.001, t-test) lower than that of the Colstrip mice, 
but the short sampling period at Garrison did not take into account the 
previously mentioned fluctuations. The April sampling time was during 
the high cycle of the Colstrip curve (Figure 16), so the Garrison 
population possessed a high fluoride level because of the high 
proportion of older individuals. This explains why the femur fluoride 
levels at Garrison were significantly (p = 0.0025, ANOVA) higher than 
those from western Montana (Kay et al., 1975).
In either case the fluoride concentrations in deer mice femurs 
represent a baseline of 205.1 i  28.7 ppm fluoride which can be used as a 
reference for future studies.
Meadow voles (Microtus pennsvlvanicus [Ord]) were also caught in 
the snap traps (Appendix E ) . The 95% confidence intervals indicated 
that the 1967 collection (Gordon, 1967b) was not similar to the other
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collections y so no additional statistical analyses were done with the 
1967 vole data (Figure 18). ANOVA was used to examine the remaining 
data. The Garrison voles had femur fluoride concentrations that were 
not significantly (p = 0.884) different from the control values of Kay 
et al. (1975). The Garrison and Kay et al. (1975) fluoride levels were 
significantly (p = 0.0212 and p = 0.0122, respectively) lower than the 
1973 Kay levels.
One vole that was trapped at the southern edge of the RMP
property had a femur fluoride concentration of 1342.3 ppm. This was
higher than Kay (1971) reported but was comparable to the 1967 levels 
(Gordon, 1967b). This site was close to RMP and its settling ponds and
no other rodents were caught there. This high concentration was not
included in the above analyses.
Two Columbian ground squirrels (Citellus columbianus [Ord]) were 
collected from Garrison (Appendix E ) . Ninety-five percent confidence 
intervals were calculated for the comparison data (Figure 18) and an 
ANOVA comparison of Garrison and Kay et al. (1975) fluoride 
concentrations yielded no significant difference (p = 0.44). The 
Garrison femur fluoride values were significantly (p — 0.097) lower than 
the concentrations Gordon (1967b) found. Gordon's mean value, 1456.67 
ppm, was almost a factor of 10 greater than the present mean 
concentration of 155.5 ppm fluoride.
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Chapter 6 
SUMMARY AND CONCLUSIONS
1. The extremely low ambient air concentrations of fluoride at 
Garrison are comparable to those found in unpolluted eastern 
Montana. Therefore, the Garrison area vegetation should have 
baseline levels of fluoride because the principal means of fluoride 
uptake by plants is from the air. Ingestion of plant material 
transfers any accumulated fluorides to the herbivores, so the 
Garrison rodents should also exhibit baseline levels of fluoride.
2. Forage and grasses from Garrison now contain baseline 
concentrations of fluoride. These concentrations are comparable to 
baseline levels in western Montana but tend to be higher than those 
from eastern Montana collections.
3. The levels of fluoride in the femurs of Garrison deer mice 
(Peromyscus maniculatus) . meadow voles (Microtus pennsvlvanicus) 
and Columbian ground squirrels (Citellus columbianus) are normal. 
The Garrison rodents are not consuming vegetation with large 
amounts of fluoride accumulated from either the air or the soil.
4. The fluoride concentrations in all ages of Garrison ponderosa pine 
(Pinus ponderosa) needles are higher than those from eastern 
Montana control studies. Douglas fir (Pseudotsuga menziesii) and
61
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ponderosa pine needle fluoride levels are similar to or higher than 
controls from western Montana.
5. In the Garrison area, the following baseline concentrations were 
measured:
a) ambient air (calcium formate plate method)
0.025 + 0.003 ]jg F/cm^/30 days
b) forage
3.27 +. 0.17 ppm F, dry weight
c) deer mice femurs
205.1 +, 28.7 ppm F, fat-free dry weight
6. Baseline fluoride concentrations for Garrison conifer needles are 
not reported because it is not clear as to whether the needles 
contain baseline or elevated levels of fluoride.
7. The fluoride source for the conifer needles is unknown. Possible 
sources may be either the soil or other parts of the tree. In 
basic soils, such as those in the Garrison area, fluorides are not 
readily available to the trees. Fluoride translocation within the 
tree appears to be the most probable source. In view of the high 
fluoride concentrations in the unopened buds, it seems likely that 
fluoride is transported from the older needles to the new buds.
8. The ecosystem at Garrison has recovered from Rocky Mountain 
Phosphates' fluoride emissions. Fluoride concentrations in all 
plant and animal samples are significantly lower than
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concentrations found by earlier researchers. This recovery has 
been rapid since RMP had been closed for only four and a half years 
before these conifer, forage and animal samples were collected.
9. The potential still exists, because of topography and meteorology, 
for high levels of fluoride to accumulate again in vegetation and 
animals in the Garrison area, should RMP be reopened. This would, 
of course, depend on the effectiveness of the emission controls and 
on the regulatory effectiveness of the State Board of Health.
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Chapter 7 
RECOMMENDATIONS FOR FURTHER STUDY
1. The translocation of fluoride in conifers needs to be examined. In 
laboratory fumigation studies, the older needles on live conifer 
seedlings could be fumigated with hydrogen fluoride. Both the 
exposed needles and the unexposed needles and buds could then be 
analyzed for fluoride. Needles could be sampled at set intervals 
to determine the rate of fluoride translocation or the movement of 
fluoride could be traced with radioactive fluorine isotopes.
2. The Garrison ponderosa pines and Douglas firs should continue to be 
sampled and the needles analyzed for fluoride. This information is 
needed to determine the baseline levels of fluoride in these 
conifers. Such sampling will also show if the trend of decreasing 
fluoride concentrations in the Douglas fir needles continues.
3. Fluoride is known to suppress growth in conifers. Tree core 
sampling in the Garrison area could be used to examine both the 
impacts of fluoride on tree growth and any recovery of tree growth 
after the fluoride pollution ceased. This type of study could also 
compare the needle fluoride levels with tree growth. If growth is 
not what would be expected, the present needles fluoride levels 
could be affecting tree growth.
64
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4. While RMP was operating, the Douglas firs responded to the effects 
of fluoride pollution by producing stress crops of cones. Garrison 
area residents report that the hillsides are now more densely 
forested. Aerial photographs of the area could be compared and the 
changes in tree density and distribution examined.
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APPENDIX A
AMBIENT AIR DATA AND STATISTICS
Exposed Plates
IJ g  F/ml ]jg F/cm /30 days
0.1327
0.1349
0.1247
0.1262
0.1278
0.1305
0.1343
0.1262
0.1321
0.1401
0.1247
0.1273
0.1349
0.1372
0.1262
0.1262
0-1273
0.1268
0.1316
0.1262
0.0295
0.0328
0.0177
0.0199
0.0223
0.0263
0.0319
0.0199
0.0287
0.0405
0.0177
0.0216
0.0328
0.0362
0.0199
0.0199
0.0216
0.0208
0.0279
0.0199
N 20
Mean (X) 0.0250
Standard Deviation 0.0070
95% Confidence Interval for X +0.0033
Unexposed Plates
yg F/ml
0.1138
0.1110
0.1123
0.1138
N
Mean (X)
4
0.1127
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a p p e n d i x  b
FORAGE/GRASS FLUORIDE DATA AND STATISTICS 
Fall 1980 Forage Collections (ppm Fluoride)
3.50 6.40 4.55 1.70 4.90 7.60 2.95 2.50 1.50 3.20 2.50
2.70 2.90 5.60 4.10 2.80 5.00 2.00 2.80 2.60 2.50 2.50 3.45
3.75 2.00 2.50 4.60 4.10 3.10 2.10 2.50 2.00 6.70 1.10 2.90
5.10 3.40 1.70 4.50 1.40 2.40 3.10 2.80 2.50 2.20 3.80 3.30
5.50 4.70 4.50 3.40 3.90 5.60 2.80 3.50 2.10 3.40 2.90 7.10
1.90 1.90 2.90 2.00 5.20 2.70 3.00 2.10 3.40 3.60 1.70 4.80
4.40 2.20 1.10 4.70 5.50 3.60 2.30 1.70 1.70 3.70 1.80 2.50
1.60 3.40 2.90 4.70 2.70 3.15 3.80 2.00 3.20 3.00 1.70
8.10 3.60 2.30 5.90 3.50 3.20 1.70 2.80 6.20 1.90 1.70
3.40 2.90 6.30 3.40 2.30 2.10 1.50 3.25 2.50 1.90 3.45 3.15
N 117
Mean (X) 3.27
Standard Deviation 1.43
95% Confidence Interval for X +0.26
Fall 1980 Agropvron repens Collections (ppm Fluoride)
2.95 3.00 6.00 1.70 1.50 4.60 5.60 5.20 3-50 2.20 3.00 2.60
3.90 5.30 3.65 0.60 3.40 2.90 3.65 2.90 3.15 3.10 2.40 1.60
2.10 4.40 2.75 3.20 2.70 --—— 3.90 2.80 3.45 4.00 2.00 2.50
2.70 1.15 1.50 1.30 1.50 2.50 1.90 3.40 2.40 2.80 3.90 3.50
2.30 2.20 4.20 — — 1.90 1.40 2.40 3.95 1.50 4.00 1.90
2.00 Ilium Miii iw — I 1 " ——— 1.10 3.70 4.60 1.40 2.20 2.10 3.10
2.10 I ■ ■ —"""I "" ' " 2.40 2.20 2.90 3.70 3.00 1.50
2.00 3.30 — ™ 2.70 3.60 3.30 1.60 3.10 4.30 3.30
4.40 2.70 1.80 3.55 1.20 — —— 2.95 2.90 4.00 4.50 3.10 3.40
2.60 4.40 3.55 3.00 2.20 3.20 2.50 2.50 2.90 2.80 4.45 4.80
N 104
Mean (X) 2.93
Standard Deviation 1.06
95% Confidence: Interval for X +0.20
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APPENDIX B (Continued)
Summer 1981 Forage Collections (ppm Fluoride)
6.90 4.60 4.20 4.80 5.20 4.70
5.20 3.80 5.30 4.20 4.60 3.30
2.70 8.30 4.40 5.40 5.60 2.50
4.80 4.20 3.20 2.60 1.30 4.90
2.20 4.50 7.80 6.50 4.60 1.20
N 30
Mean (X) 4.45
Standard Deviation 1.66
95% Confidence Interval for X +0.60
STATISTICS FOR ALL FORAGE/GRASS SAMPLES 
N 251
Mean (X) 3.27
Standard Deviation 1.39
95% Confidence Interval for X +0.17
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX C
PONDEROSA PINE (Pinus ponderosa) DATA AND STATISTICS
Needle Fluoride Concentration (ppm)
NEEDLE AGE 
NEEDLE YEAR
BUD 1 2 3 4 5 6
1981 1980 1979 1978 1977 1976 1975
— 3.9 4.6 3.4 1.7 3.5 ------
3.4 4.0 5.3 7.1 4.5 4.8 ------
------ 5.2 3.9 4.1 3.9 3.5 — —
5.1 6.4 4.7 4.8 5.5 4.3 ------
------ 2.9 3.3 3.5 3.6 3.7 ------
6.3 2.1 1.8 3.5 3.2 4.1 ------
------ 2.7 1.4 3.0 3.3 3.1 ------
4.4 4.0 4.1 3.6 3.1 5.4 ------
— — 2.1 2.8 3.9 4.9 4.0 ------
6.5 3.8 3.2 3.4 3.7 3.4 — —
------ 3.7 3.3 3.3 3.5 3.9 4.7
8.4 1.8 3.3 4.7 1.7 4.9 6.0
------ 2.5 2.9 2.4 2.5 2.5 — _
5.4 1.6 4.9 3.5 4.3 1.7 ------
— — 2.9 3.7 3.8 3.2 3.4 ------
3.4 3.0 3.8 2.3 4.5 2.0 ——
______ 2.4 3.7 2.2 2.8 2.8 3.2
6.7 2.3 3.3 3.6 4.6 4.1 6.0
3.2 2.7 3.4 3.6 2.9 — —
4.7 4.5 3.7 6.1 6.7 4.9 ------
5.1 2.6 6.5 4.1 4.7 3.6 ------
6.7 3.4 3.7 4.3 4.3 3.3 2.2
5.3 5.9 4.7 3.7 4.1 1.8 2.8
5.3 4.9 2.6 3.7 2.5 3.7 1.2
5.3 3.7 2.9 4.0 3.5 2.9
.5 25 25 25 25 25 7
5.47 3.42 3.63 3.82 3.76 3.53 3.73
1.31 1.25 1.10 1.06 1.13 0.95 1.88
1:0.72 +0.51 HhO .45 +0.44 +0.46 +0.39 +1.73
N
Mean (X)
Standard
Deviation
95% Confidence 
Interval 
for X
75
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX D
DOUGLAS FIR (Pseudotsuga menziesii) DATA AND STATISTICS
NEEDLE FLUORIDE CONCENTRATION (ppm)
NEEDLE AGE
NEEDLE YEAR
BUD 1 2 3 4 5 6 7 8 9
1981 1980 1979 1978 1977 1976 1975 1974 1973 197:
— 4.9 5.3 5.1 5.7 5.2 7.2 11.2 --- — —
4.7 2.8 5.1 3.8 5.0 3.3 6.5 9,0 10.0 ---
4.9 5.1 4.9 5.6 5.2 6.8 8.8 --- ---
4.6 3.6 5.1 4.3 3.9 3.3 5.4 8.5 8.6 8.5
--- 4.2 6.5 7.0 7.4 8.2 9.8 13.6 --- ---
8.8 3.9 2.5 1.9 6.3 3.2 3.8 11.6 11.0 10.6
--- 5.1 4.7 5.3 5.8 5.1 6.7 11.6 --- ---
5.1 1.9 1.9 5.7 2.3 6.4 5.5 9.3 9.5 8.4
—  — — 5.3 5.2 5.0 5.7 6.2 8.6 10.4 --- ---
6.1 4.2 4.6 5.1 6.0 4.2 6.9 9.3 11.2 ---
--- 7.5 7.8 5.7 10.1 8.8 --- --- —— ---
4.3 4.3 1.5 5.0 2.0 5.4 11.6 --- --- 12.5--- 8.1 8.8 10.6 11.7 12.8 --- --- --- — —
3.5 1.3 2.3 3.9 3.3 5.5 11.0 17.7 29.3 23.6--- 7.5 8.9 10.0 10.3 12.8 --- --- --- ——
4.6 2.2 5.2 4.1 3.0 3.9 8.4 12.7 15.5 13.0
--- 7.1 8.9 9.0 10.9 11.8 --- --- --- —
4.9 3.9 2.9 4.1 3.7 2.5 10.1 --- — — —
8.4 9.6 8.5 9.7 10.1 --- — — --- ———
5.0 2.3 4.7 2.0 3.7 3.5 8.0 14.4 --- 19.3
6.2 6.8 7.8 10.5 8.8 --- — — --- ——
4.2 1.4 1.3 1.2 1.8 2.8 9.1 14.0 15.8 12.3
8.2 10.1 11.3 14.9 20.4 --- -— --- —
4.9 1.8 1.7 2.8 4.4 3.9 10.9 17.9 19.8 18.8
6.1 7.4 7.8 8.9 11.2 — — --- — —
3.7 3.5 2.7 6.2 5.8 7.9 14.7 —— — —
3.6 1.9 1.7 1.3 1.2 3.7 9.8 13.2 13.5 10.8
7.9 7.8 7.3 9.2 11.4 — — — — — — ——
4.0 4.8 6.2 7.8 5.9 11.2 20.0 — — -------
5.1 1.9 2.4 1.5 2.9 5.0 10.2 17.7 20.1 16.8
4.4 5.9 6.6 8.5 7.9 -------
8.3 8.2 6.2 9.1 8.0 11.3 16.4 —
7.4 3.1 1.0 2.9 4.3 3.2 8.4 13.3 15.8 15.3
3.0 3.0 2.2 3.9 3.7 3.8 4.8 6.3 7.0
3.5 2.5 2.1 1.8 5.0 4.1 4.8 8.4 8.5
3.9 4.0 3.8 3.5 3.7 4.6 4.7 5.7 7.4
4.5 3.4 3.8 4.3 4.4 4.7 2.4 5.8 7 .3
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APPENDIX D (Continued)
NEEDLE FLUORIDE CONCENTRATION (ppm)
NEEDLE AGE BUD 1 2 3 4 5 6 7 8 9
NEEDLE YEAR 1981 1980 1979 1978 1977 1976 1975 1974 1973 1972
3.8 3.1 2.3 2.7 2.5 2.6 5.1 5.7 7.3 —i—i—
3.4 3.1 1.7 2.8 2.7 2.7 8.9 11.4 13.0 10.9
4.5 2.7 3.6 2.8 2.7 1.8 7.0 11.5 14.0 14.5
5.6 2.0 2.8 4.1 4.0 5.8 7.0 14.8 11.8 11.5
3.7 4.2 2.2 1.9 2.7 1.6 5.5 9.6 10.4 8.1
4.2 3.0 2.5 2.8 2.2 1.1 6.4 9.1 10.3 8.4
4.0 3.4 3.8 2.6 3.6 4.1 8.8 11.0 13.7
4.5 2.2 3.6 3.6 4.7 5.7 10.2 11.3 13.5 11.0
4.8 3.2 3.5 3.1 3.8 4.6 4.7 7.7 9.4 11.5
1.9 4.0 4.5 3.6 4.6 3.6 10.7 11.8 10.4 10.8
4.0 3.9 3.5 2.1 4.7 4.4 5.5 9.8
N 30 48 48 48 48 48 38 36 25 21
Mean (X) 4.54 4.17 4.48 4.63 5.56 5.85 7.67 11.53 12.67 12.57
Standard
Deviation 1.28 2.02 2.46 2.50 3.08 3.64 2.41 3.62 4.94 4.20
95% Confidence
Interval
for X . 48 +0.57 +0.71 ±0.73 +0.90 +1.03 +0.77 +1.18 +2.04 +1.91
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APPENDIX E
RODENT DATA AND STATISTICS
Deer Mice (Peromvscus maniculatus)
AGE SEX FEMUR FLUORIDE (ppm)
Adult F 240.4
A F 119.8
A F 162.5
A M 204.7
Juvenile M 195.9
J F 53.2
A F 190.4
J F 127.9
A F 154.7
J F 166.2
A F 184.3
A F 169.6
A M 259.8
A F 76.7
A F 176.3
A F 273.0
A F 1^3.9
A M 261.3
A F 350.7
A M 271.5
A M 285.3
A M 90.8
A F 237.7
A F 327.3
A F 202.2
A M 268.2
A F 128.9
A M 288.3
A M 296.1
N
Mean (X)
Standard Deviation
95% Confidence Interval for X
29
205.1
75.6
+28.7
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APPENDIX E (Continued)
Meadow Voles (Microtus pennsvlvanicus)
AGE SEX FEMUR FLUORIDE
A F 182.2
A M 138.5
J M 62.5
J F 141.7
A F 1342.3
N
Mean (X)
Standard Deviation
95% Confidence Interval for X
4
130.8
50.0
+79.6
Columbian Ground Squirrels (Citellus columbianus) 
AGE SEX FEMUR FLUORIDE (ppm)
A
A
M
M
146.0
165.0
N
Mean (10
Standard Deviation
95% Confidence Interval for Y
2
155.5
13.4
+120.7
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